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We present an external interferometric setup that is able 
to simultaneously acquire three wavelengths of the same 
sample instance without scanning or multiple exposures. 
This setup projects onto the monochrome digital camera 
three off-axis holograms with rotated fringe orientations, 
each from a different wavelength channel, without 
overlap in the spatial-frequency domain, and thus allows 
the full reconstructions of the three complex wavefronts 
from the three wavelength channels. We use this new 
setup for three-wavelength phase unwrapping, allowing 
phase imaging of thicker objects than possible with a 
single wavelength, but without the increased level of 
noise that is typical to 2wl. We demonstrate the proposed 
techniques for metrological samples, including 
microchannel profiling and label-free cell imaging. 
OCIS codes: (090.1995) Digital holography; (090.4220) Multiplex 
holography; (110.5086) Phase unwrapping; (180.6900) Three 
dimensional microscopy 
http://dx.doi.org/10.1364/OL.99.099999    
Digital holographic microscopy (DHM) has been a well-known 
modality in interferometric imaging over the last two decades [1]. 
This technique stands out for its ability to produce high-quality 
wide-field phase images with short acquisition times, which has 
made DHM a leading prospect, specifically in the field of 
biomedical imaging [2,3], where the microscopic samples are 
mostly transparent and pose most applicable data within the 
phase information. For objects that are optically thicker than the 
illumination wavelength used, DHM suffers from 2π phase 
ambiguities [1−4]. Therefore, the inherent range of DHM is limited 
to a single wavelength in optical path difference (OPD) units for 
transmission mode, or half of a wavelength for reflection mode.  
The most common solution for this problem is digital one-
wavelength phase unwrapping (1wl) [4], based on scanning the 
phase map and searching for 2π phase discontinuities. Whenever a 
discontinuity is found, the consecutive pixels are offset accordingly, 
so that the final phase is no longer limited to –π to π. Most 
biological cells in vitro have rather smooth and mild-slope phase 
profiles, and thus algorithm-detected phase discontinuities reliably 
indicate on the corrections required. However, many metrological 
samples may have sharp phase profiles that differ by more than 
one wavelength between two spatial points, which will be 
incorrectly deciphered by the digital unwrapping algorithm [5]. 
This poses a major drawback for traditional DHM, which might be 
misleading, if relatively large steps are measured.   
This phase unwrapping problem can be solved by using multi-
wavelength DHM [5−11]. Shortly, two digital holograms of the 
sample are captured, each by a distinct wavelength, yielding two 
single-wavelength wrapped phase maps. The difference of both 
wrapped phase maps produces a new phase map of a much larger 
synthetic wavelength, which is increased when the difference 
between wavelengths decreases. Thus, the synthetic wavelength 
phase map is unwrapped optically. Dual wavelength DHM was 
therefore used for many applications in the optical metrology field, 
where objects, tens of μm thick, are examined, two orders of 
magnitude thicker than possible with single-wavelength DHM.  
The main problem of two-wavelength phase unwrapping (2wl) 
is the inherent amplification of noise, resulting in decreased overall 
sensitivity by the same factor of two orders of magnitude in 
comparison to 1wl. In order to optically unwrap the phase map of 
thick objects, but still keep the sensitivity as that of a single 
wavelength, three-wavelength phase unwrapping (3wl) was 
introduced [12−15]. Using a third-wavelength hologram, one can 
produce phase maps of three gradually decreasing synthetic 
wavelengths, and then use hierarchical optical phase unwrapping 
[13]. However, the prospects of the 3wl techniques are 
encumbered by the fact that scanning the three wavelengths 
consecutively [14,15] makes this system also subject to vibrations 
and effectively slows down throughput by a factor of three for 
dynamic samples. On the other hand, if the three-wavelength 
holograms are acquired simultaneously, the overall system 
complexity dramatically increases, with the need for three co-
located interferometers, containing three different reference arms, 
one per each wavelength, separated from the sample arm, which 
makes the system bulky and hard to align. Furthermore, such a 
system is highly subjective to sample movements and vibrations.  
Lately, we proposed an external, portable, and nearly common-
path interferometric module, which is capable of forming 
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